Objectives. This is a cross-sectional analysis at baseline of a cluster randomized controlled trial to identify factors associated with the use of pharmacological and nonpharmacological pain treatments by nursing home residents with dementia and impaired communication.
Methods. One hundred thirty-four residents with dementia and impaired communication were recruited. Nine of them were excluded because data on their pain treatments were missing, resulting in 125 for analysis. Hierarchical generalized estimating equations analyses controlling for the clustering effect of nursing homes were used to identify factors associated with the use of pharmacological and nonpharmacological pain treatments.
Results. Although all participants had a confirmed pain condition, only 23 (18.4%) and 45 (36%) had received pharmacological or nonpharmacological pain treatments, respectively. Participants with a higher ability to communicate (P 5 0.031) and fewer pain locations were found to be more likely to receive pain medications, with the impact of communication ability being greater among participants with better cognitive status than among those with poor cognitive status. Participants who had been living in the home longer and who were more dependent were less likely to receive nonpharmacological treatments.
Conclusion. Suboptimal pain management was common among this population. Severe impairment in the ability to communicate is a major reason for the underuse of pain medications. Staff may become desensitized and fail to perceive subtle changes in the residents' behavior as indicative of pain, leading to the underadministering of nonpharmacological treatments. To improve this situation, it is suggested that observational pain assessments be systematically carried out in nursing homes.
Introduction
Dementia and pain are prevalent among nursing home residents [1, 2] . The provision of adequate pain V C 2016 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com treatments, both pharmacological and nonpharmacological, to this group depends on judicious prescription and administration by health professionals, which in turn depends on their ability to recognize pain in residents with dementia [3] . Many studies have shown that the use of analgesics is lower among older people with dementia than among people without dementia, although both groups may suffer from a similar type of pain. Thus, they may be at risk of being undertreated for pain [3] [4] [5] [6] [7] . For example, bone fracture patients with dementia were found to have received significantly smaller amounts of opioid analgesics than those who had not been diagnosed with dementia [4, 5] . It is also common for older residents with dementia in long-term care settings to use less pain medication. Although local nursing home residents with congitive impairment were found to have a similar prevalence of pain as those without cognitive impairment, at 61.5% and 67.9%, respectively, the prevalence of the use of pain medications was 50% for the latter, compared with only 30.7% for the former [8, 9] .
When exploring the factors contributing to the underprescription and underadminstration of pain medication to older people with dementia, some studies indicated that a decline in the prescription of pain medications accompanied a decline in cognitive function among the residents [3-8]. However, some recent studies have not found a lower use of analgesics among people with dementia [10] [11] [12] . For example, a recent cross-sectional study of 61 nursing home residents with dementia found no relationship between the pariticpants' cognitive status and the use of pain medications [12] . In fact, the reported prevalence of the use of pain medications among people with dementia or cognitive impairment has ranged from 17% to 56% [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The variations in the prevalence rates were probably due to the composition of the populations in the different studies, which were diverse in terms of levels of cognitive and communication impairment.
The difficulty in recognizing pain among people with dementia lies mainly in the decline in their ability to comprehend language [13, 14] . It is thought that the major reason for the underprescription of pain medication among this population is not their cognitive status itself, but their impaired ability to communicate as a result of the decline in their cognitive status. However, the level of communication impairment has seldom been assessed or reported in previous studies. Thus, the extent to which such impairment in the ability to communicate affects the prescription of pain medication remains unclear.
Residents with dementia and impaired communication are a particularly vulnerable group. In addition to the difficulty that health professionals have in recognizing their pain, they are the group at the greatest risk of receiving suboptimal pain management [15, 16] . However, the evidence on the use of pain treatments for this particular group of nursing home residents is limited [17] .
Moreover, most previous studies focused only on the use of pain medication. However, aside from medication, the administration of appropriate nonpharmacological interventions should be an essential component of good pain management in nursing homes, where onsite physicians are often unavailable. Different nonpharmacological interventions implemented by physiotherapists or nurses have been shown to be effective at reducing pain [18, 19] . However the prevalence of the use of nonpharmacological pain interventions has seldom been explored in previous studies. The aim of this study was to estimate the prevalence of the use of pharmacological and nonpharmacological pain treatments among nursing home residents with advanced dementia and severe communication impairment, to identify factors associated with the use of such treatments, and to explore the potential interaction effects between cognitive status and communication ability on the use of those treatments.
Methods

Design
This is a cross-sectional analysis at baseline of a cluster randomized controlled trial (cluster-RCT) to investigate the extent to which the implementation of an Observational Pain Management Protocol can improve pain management in nursing home residents with dementia. A detailed description of the study protocol has been reported elsewhere [20] .
Setting and Participants
After 17 nursing homes were randomized into either experimental or control conditions, convenience sampling was used to recruit residents with advanced dementia, substantial levels of communication impairment, and at least one painful condition between June 2014 and April 2015.
Inclusion and Exclusion Criteria
Participants had to be 1) age 65 years or older, of either gender, and to have been 2) living in the nursing home for six months or more to avoid the possibility of anxiety and distress due to an unfamiliar new environment; 3) they must have been officially diagnosed with some form of dementia, and 4) they had to have a pain condition that was diagnosed or confirmed by a physiotherapist working in the nursing home and familiar with the health condition of the participants; 5) the participants had to exhibit a substantial degree of impaired communication, defined as attaining a score of 5 or higher on the following two items in the interRAI-Home Care (HC) Assessment: 1) the ability to make oneself understood and 2) the ability to understand others [21] . These two items were rated on a five-point scale from 0 ¼ understood to 4 ¼ rarely or never understood. A total communication score was summed from these two items and ranged from 0 to 8, with 0 indicating no communication problems and 8 indicating very severe communication impairment [21] . The nurses with whom the participants were in direct contact were asked to rate these two items based on their daily contact with the participants. This method has been used with success in previous work to identify nursing home residents with substantial levels of communication impairment [22] .
In order to avoid altered patterns of behavior caused by other acute diseases, the participants must not 1) have been suffering from any acute physiological/psychiatric illnesses during the period of data collection or 2) have been admitted to the emergency ward of a hospital within the past three months; 3) residents who had experienced distressing social circumstances that may have affected their daily patterns of behavior were excluded from this study.
Ethical Considerations
This study was given ethical approval by the School of Nursing of the Hong Kong Polytechnic University. Permission to conduct the study was obtained from the managing directors of the nursing homes. Given the severity of the cognitive impairment of our participants, consent was obtained by proxy. A close relative of each potential participant was initially informed about the study by nursing staff, who stressed that participation was voluntary. An explanation of the objectives of the study was given by a research assistant (RA), who then obtained the relative's verbal as well as written consent for the patient to participate in the study.
Procedures
The eligibility of the residents to take part in the study was assessed by an RA according to the sample selection criteria. As all of the participants had an impaired ability to communicate, most of their demographic information and medical and pain history was collected by reviewing their medical records. As it is common in local nursing homes for several residents to share a bedroom, the usual arrangement is for the residents to receive treatments or nursing procedures in the examination or multifunction rooms of the nursing homes. To ensure confidentiality, all of the assessments in this study were carried out in an examination/ multifunction room of the nursing home in which the participants always received treatments and care. The participants would be familiar with the environment of the room. On average, the assessments were completed within 30 minutes.
Variables
The dependent variables included pharmacological and nonpharmacological treatments, which were based on the participants' records of the past seven days. The participants were classified as having been prescribed a pharmacological treatment if they had been administered any pain medication in the past seven days, including Paracetamol, nonsteroidal anti-inflammatory drugs, or opioids. The Medication Quantification Scale Version III (MQS III) was used to quantify the exact use of pain medications in the past seven days [23] . The MQS quantifies pain medications according to the participants' daily administered dosage level, pharmacological classification, and detriment weight (i.e., the potential of each medication to produce side effects). That means that each medication is given a score obtained by multiplying a detriment weight by a dosage level (i.e., 1 ¼ subtherapeutic; 2 ¼ lower 50% of therapeutic; 3 ¼ upper 50% of therapeutic; 4 ¼ supratherapeutic). For example: the detriment weight of Paracetamol is 2.2 if the total administered dosage per day is 2,000 mg, which is classified as a low therapeutic dosage (i.e., dosage level ¼ 2). The MQS score is: 2.2 X 2 ¼ 4.4. The MQS scores for each of the pain medications that a participant had been taking in the past seven days were added up to obtain a total score. The concurrent validity of the MQS I was established by calculating the correlation coefficient (r ¼ 0.755, P < 0.01) between the MQS I scores and the mean clinical judgment score of pain management professionals [24] . The MQS III was updated in 2003 to modernize medication classifications and their detriment weights [25] . The MQS III has been validated and applied to the study of pain regimens in various pain conditions [26] [27] [28] . Similarly, the participants were classified as having undergone nonpharmacological pain treatments if their nursing, physiotherapy, or occupational therapy records indicated that they had received treatments such as cold/hot therapy, massage, transcutaneous electrical nerve stimulation (TENS), and so on.
Independent variables included demographic variables and pain-related personal factors. "Demographic variables," including those on gender, age, level of education, marital status, and years of living in a nursing home, were extracted from the participants' medical records. In addition, at each nursing home a physiotherapist was required to assess the participants' functional capacity by using the Chinese version of the Modified Barthel Index (C-MBI) [29] . The C-MBI consists of 10 basic items of daily activity such as feeding, grooming, and bathing. Each item is rated based on five levels, from totally independent to completely dependent. Total scores range from 0 to 100, with a lower score indicative of a high level of dependency. A factor analysis was used to evaluate the construct validity, which involved extracting two factors (i.e., the participants' functional performance and physiological needs). The percentage of variance was found to be 75.7%. The test-retest reliability at the item level was comparable with that of the original version, with kappa statistics ranging from 0.63 to 1.00 (P < 0.001) [29] .
Pain-related personal factors were believed to have an influence on the use of pain treatments by residents Pain Treatments for Nursing Home Residents with Advanced Dementia with advanced dementia and severe communication impairment. They included:
1. The number of pain-related diagnoses and the number of pain locations, which were obtained from the participants' medical records.
2. The participants' cognitive status, which was assessed using the Cantonese-Mini Mental State Examination (C-MMSE) [30] . The test is a 30-point mental state examination that enables cutoff differentiation for levels of severity of cognitive impairment. The C-MMSE was administered to 190 elderly people with various levels of cognitive impairment [30] . The test was found to have good reliability and validity as an instrument to detect cognitive impairment in Hong Kong Chinese.
3. The participants' ability to communicate, which was assessed using the Modified Fuld Verbal Fluency Test (MFVFT) [31] . This test consists of giving each participant 30 to 60 seconds to verbally list as many things as possible in the categories of animals, fruits, vegetables, and events that make them happy or unhappy. The total MFVFT score is obtained by counting up the total number of items under each category given by the participants [31] . The higher the total score, the better the ability to communicate. A total score of 17 or less indicates impaired communication. The significant correlation coefficients ranged between 0.33 and 0.64 when the MFVFT was compared with the C-MMSE, indicating a moderate level of convergent validity. The test-retest correlations ranged between 0.31 and 0.67, indicating fair to moderate levels of test-retest reliability. In this study, the Pearson correlation between the interRAI-HC communication items and MFVFT was -0.46 (P < 0.0001).
Statistical Analysis
Descriptive statistics were used to summarize the demographic characteristics, pain-related personal factors, and use of pharmacological and nonpharmacological treatments of the sample. In the current study, the MQS score was transformed to a binary variable, whether or not pain medication was used, because the majority of the participants scored 0 in the MQS. The bivariate relationship between pharmacological treatment and nonpharmacological treatment was assessed by cross tabulation. Separate generalized estimating equation (GEE) analyses, controlling for the clustering effect of nursing homes, were performed on two dependent variables: pharmacological treatment and nonpharmacological treatment, with a hierarchical block design in regression analyses to determine the separate contributions of demographic characteristics, pain-related personal factors, and the interaction effect of cognitive status (C-MMSE) by ability to communicate (MFVFT). The first step of the hierarchical logistic regression included functional status (C-MBI), number of years in a nursing home, and other demographic characteristics. The second step added pain-related personal factors, and the third step added the interaction term of MMSE and MFVFT. Since it was expected that the use of pharmacological and nonpharmacological treatments would affect each other, their counterpart was also added in the GEE analyses to control for its potential effect. In addition, level of education was not added to the GEE analyses because a high nonresponse rate in this item (22/125 ¼ 17.6%) and preliminary analyses indicated that the bivariate relationships between level of education and the use of pharmacological and nonpharmacological treatments were nonsignificant. The Corrected Quasi Likelihood under the Independence Model Criterion (QICC) measured the goodness of fit of the models. Odds ratios (ORs) and the corresponding 95% confidence intervals (CIs) were reported whenever applicable. Subjects with missing data on the outcome variables were excluded from the analysis. Data were analyzed using SPSS version 20.0, with P values of less than 0.05 considered statistically significant in the GEE models.
Results
A total of 134 participants were recruited in the study. Nine of them were admitted to hospitals during the data collection period, and data on their pain treatments were missing. They were therefore excluded, thus resulting in a final sample of 125 (93.3%) for analysis. Table 1 summarizes the sociodemographic characteristics and pain-related personal factors of the participants. The data from the hierarchical GEE models on the use of pharmacological treatments are presented in Table 3 . The final model was considered the best competing model, as indicated by the smallest value of QICC. The final model (model 3) shows that the likelihood of using pharmacological treatments was positively associated with MFVFT (P ¼ 0.031) and negatively associated with the number of pain locations (P ¼ 0.044). In addition, the interaction of C-MMSE and MFVFT was also statistically significant, with a coefficient of 0.970 (P ¼ 0.023) after controlling for the clustering effect of nursing homes and the use of nonpharmacological treatments. This indicates that those participants who had a higher ability to communicate and fewer pain locations were more likely to be prescribed and administered pharmacological treatments. The impact of MFVFT on the likelihood of the use of pharmacological treatments was greater among participants with better cognitive status than among those with poorer cognitive status. Table 4 presents the final hierarchical GEE model for nonpharmacological treatments. Among the three models, the simplest model (model 1) has the best fit with the data. It reveals two associated factors as significant: number years of living in a nursing home (P ¼ 0.041) and C-MBI (P ¼ 0.035), after controlling for the clustering effect of nursing homes and the use of pharmacological treatments, with both factors being negatively associated with the use of nonpharmacological treatments.
Discussion
The major finding in this study is that the participants' cognition status and their ability to communicate have an interaction effect that is associated with the use of pain medications. Participants with a higher ability to communicate (P ¼ 0.031) and fewer pain locations were found to be more likely to receive pain medications, with the impact of communication ability being greater among participants with better cognitive status than among those with poor cognitive status. Although all of our participants were recognized as having at least one painful condition, only 18.4% had been prescribed pain medications. This figure is among the lowest when compared with previous studies with a similar target population [3, [6] [7] [8] [9] [10] [11] [12] 17] . It is comparable only with the figures reported in Closs et al.'s article [3] on the prescription of pain medications for residents with severe cognitive impairment. All of our participants were residents with severe cognitive impairment, with an average C-MMSE score of 3.56, which was the lowest among the previous studies and indicative their advanced stage of dementia. Our participants were also assessed as exhibiting a substantial degree of impairment in their ability to communicate, with an average MFVFT score of 2.04. Our participants represented the residential population most unable to express themselves. That may explain why the lowest percentage of those prescribed pain medication was found in this study. This shows that among nursing home residents with severe cognitive and communication impairments, it is not just the decline in cognition but also the deterioration in the ability to communicate that are important obstacles to receiving pain medications.
The exact reason why a greater number of pain sites are associated with the lesser use of pain medication is unknown. Because of their special characteristics, our participants were unable to verbally complain of pain, and health professionals might not have been aware of nonverbal cues or pain-related behaviors indicative of pain, leading to adequate treatments for pain [2, 32] . It is also possible that residents with multiple pain sites tend to exhibit nonverbal cues that are easily mistaken for other health problems, such as agitation [11] , leading to the lesser use of pain medications. What influence different locations and numbers of pain sites have on how residents with dementia exhibit pain-related behaviors may be worth exploring in a future study. With this information, it may be possible to raise the sensitivity of health professionals so that they are better able to identify different types of pain among this particular group of older people based on nonverbal pain cues.
We attempted to use the MQS to denote the exact dosage of pain medications taken by the participants in the past seven days. However, over 80% of the participants scored zero in this variable, reflecting an undesirable situation in the nursing home setting: no pain medications were prescribed to these participants even when they had been diagnosed with at least one pain condition. In view of the low prevalence with which pain medications had been prescribed, as identified in this study, it is likely that the majority of our participants did not receive adequate pain treatment. It is interesting to note that despite the participants' impaired ability to communicate, around 61% of the pain medications in this study were prescribed as PRN medications (i.e., "as needed"). This means that those drugs would be given to residents only when their pain was recognized by nurses, and those nurses would be administering the medications on their own initiative. Due to the difficulty of assessing pain and to the lack of systematic pain assessments and management guidelines for residents with dementia and communication impairment, the residents' pain often goes unrecognized in nursing homes [22, 33] . Residents with dementia are at increased risk of receiving inadequate PRN pain medication [6] . This may partly explain the low percentage of prescribed pain medications, as well as the relatively lower MSQ score in this study.
According to the GEE results, those participants who had lived in the nursing home for a longer period of time and were more dependent on others to care for them in their daily activities were less likely to have received nonpharmacological treatments. Also, about 36% of our participants had received this treatment, which is higher than the figures of 4.9% to 7.4% reported in Reynolds' paper [7] , for participants with various levels of cognitive impairment. These were the only comparable figures that we could find in our search of the literature. Thus, no further comparisons can be made that would allow us to come to any conclusions on the efficacy of nonpharmacological treatments for residents with dementia. As it was confirmed that all of our participants had at least one pain condition, it is puzzling why only one-third of them received treatments that have been shown to be effective at reducing pain [18, 19] . We believe that the desensitization of staff to signs of pain among residents with dementia and communication impairment may play a role in the underuse of nonpharmacological treatments by such residents [34] . Because of the prevalence of pain in nursing homes, the staff is constantly surrounded by people suffering from various levels of pain and exhibiting the related verbal and nonverbal cues. Some residents who have been suffering from chronic pain for a long time may start walking slowly, staying in bed, or losing their appetite. As the staff may consistently be exposed to such subtle changes in behavior, which are not specific to pain, they may not regard them as indicative of a problem that requires attention or even treatment. That explains why those participants who lived in the nursing home for a longer period of time and were more dependent were less likely to have received nonpharmacological treatments. We believe that nonpharmacological pain treatments are an important aspect of good pain management. There is room to expand the use of nonpharmacological interventions for relieving pain among residents with dementia. In addition, the effectiveness of different nonpharmacological interventions for reducing pain, and the decision by physiotherapists and nurses to initiate these interventions for residents with dementia, should be explored in a future study.
Participants' cognition status and their verbal comprehension have an interaction effect that is associated with the use of pain medications. It is of the utmost importance to increase awareness among all health professionals about the risk of untreated and undertreated pain in this vulnerable population in nursing homes. Better pain management for residents with dementia and communication impairment can only take place following an appropriate and thorough assessment. Both nursing home staff and physicians need to be able to recognize pain as the first step in the process of managing pain. The systematic use of observational pain tools in nursing homes has been shown to be a clinically relevant intervention that could lead to an increase in the use of pain medications [22, 35] and a reduction in the use of psychotropic medications among residents with dementia, helping to address the problems related to pain management and polypharmacy [36] . On top of this, a comprehensive pain management protocol that includes the interpretation and verification of observational pain scores along with appropriate suggestions for treatment should be adopted into the daily routine of nursing homes as a basis for assessing, documenting, and managing the pain of residents with dementia and communication impairment. It would encourage nursing home staff to undertake pain assessments and treatment for residents with dementia in a more systemic manner and to compare pain levels before and after the pain-relieving interventions. This information may also be used to evaluate the correct amounts of medication and the effectiveness of different nonpharmacological treatments for this segment of the population for whom communication is difficult. Good documentation can also improve communication between physicians and nursing home staff. This would solidify the roles of the interdisciplinary team for managing the pain of residents [22] . The above claim of the effectiveness of implementing the observation pain management protocol has been evaluated under a cluster RCT [20] .
This study has several limitations. The cross-sectional design prevented us from determining the causal relationship between the use of pain treatments and the identified risk factors, which included deterioration in cognition and verbal comprehension. Future studies are warranted to study the causal relationship between the use of pain treatments and other risk factors in longitudinal studies. The relatively small sample size might have affected the generalizability of our results. Pain conditions were identified from diagnoses mentioned in the medical records or recognized by physiotherapists who were working in the nursing home; omissions and unrecognized pain cannot be ruled out.
Conclusion
It is reasonable to believe that our participants represent the group most vulnerable to poor pain management.
Although all of them had at least one recognized pain condition, this study found a relatively low prevalence of utilization of pain treatments. This shows that untreated or undertreated pain is still common among this special population in nursing homes. The GEE results showed that participants who were less able to communicate due to the deterioration in their cognitive status and who had more pain locations were less likely to receive pharmacological treatments. Meanwhile, participants who had been living in a nursing home for a longer period of time and who were more reliant on health professionals for their daily personal care were less likely to receive nonpharmacological treatments. The major reason for this suboptimal management of pain is the insensitivity of health professionals in detecting pain based on nonverbal cues/pain-related behaviors. The implementation of observational pain assessment and management guidelines is recommended as a clinically relevant solution to improving the management of pain for this particular group of nursing home residents.
